Genetic Basis of Diseases

Data Genotype Phenotype
• Cancer: Dunning et al. 2009 .
• Diabetes: Dupuis et al. 2010 .
• Association to a graph-structured phenome Graph-guided fused lasso (Kim & Xing, PLoS Genetics, 2009) Association to a tree-structured phenome Tree-guided group lasso (Kim & Xing, ICML 2010) T (Tibshirani, 1996) Many zero associations ( 
Lasso for Reducing False Positives
Multiple-trait Association: Graph-Constrained Fused Lasso
Step 1: Thresholded correlation graph of phenotypes
ACGTTTTACTGTACAATT
Step 2: Graph-constrained (Weller et al., 1996 , Mangin et al., 1998 Implicit representation of trait correlations
Hard to interpret the derived traits
Explicit representation of trait correlations
Extension of module network for eQTL study (Lee et al., 2009) Average traits within each trait cluster
Loss of information
Original data for traits are used Network-based approach (Chen et al., 2008 , Emilsson et al., 2008 Separate association analysis for each trait (no information sharing) 
Tree-Guided Group Lasso
• In a simple case of two genes 
Structured Association Phenome Structure
Graph-guided fused lasso (Kim & Xing, PLoS Genetics, 2009) 
Graph
Tree-guided fused lasso (Kim & Xing, ICML 2010) 
Tree
Genome Structure
Temporally smoothed lasso (Kim, Howrylak, Xing, Submitted) 
Dynamic Trait
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Temporally smoothed lasso (Kim, Howrylak, Xing, Submitted) Dynamic Trait h
Phenome Structure
Graph
Tree-guided fused lasso (Kim & Xing, Submitted) Tree
ATCGATTCCATA
Genotypes Stationary Trait
Association Strengths
Phenome Structure
Graph
Tree-guided fused lasso (Kim & Xing, Submitted) Tree Structured Association
Dynamic Trait (e.g., drug response)
ATCGATTCCATA
Genotypes
How to find the genetic variation that drives the temporal change in the phenotype?
Step 1: Autoregressive model
Step 2: Temporally smoothed lasso
Capture temporal correlation in dynamic trait
Temporally correlated association mapping
Structured Association Phenome Structure
Graph
Tree-guided fused lasso (Kim & Xing, Submitted) 
Tree
Temporally smoothed lasso (Kim, Howrylak, Xing, Submitted) Dynamic Trait
Genome Structure
Stochastic block regression (Kim & Xing, UAI, 2008) Linkage Disequilibrium
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Genome Structure
Stochastic block regression (Kim & Xing, UAI, 2008) Linkage Disequilibrium 
Ancestors
Linkage Disequilibrium
Multi-population group lasso (Puniyani, Kim, Xing, ISMB 2010) Population Structure
Genome Structure
Pooled analysis of multiple populations
Stochastic block regression (Kim & Xing, UAI, 2008) 
Linkage Disequilibrium
Multi-population group lasso (Puniyani, Kim, Xing, Submitted) Population Structure
Genome Structure
Separate analysis of multiple populations
Epistasis
ACGTTTTACTGTACAATT
Group lasso with networks Graph-guided fused lasso (Kim & Xing, PLoS Genetics, 2009) 
Graph
Tree
Genome Structure
Linkage Disequilibrium
Epistasis
ACGTTTTACTGTACAAT T
Group lasso with networks (Lee, Kim, Xing, Submitted) SAILING Lab, CMU 
